Abstract: An experiment was conducted to evaluate the efficacy of supplemental Propolis on productive performance and immune response of laying hens. One hundred and twenty Hy-Line White strain were divided into four groups of 30 each. They were fed 0, 50, 100 and 150 mg of supplemental Propolis for 8 weeks (46-54wk). Chickens in all groups were reared under the same environmental, managerial and hygienic conditions. Feed and water were supplied ad libitum. The average high and low ambient temperatures recorded during the experimental period were 22.6 and 15.8 C, respectively. The performance o data revealed that the laying hens fed diet containing 100 and 150 mg Propolis were significantly consumed more feed than control-group. Similar trend, but not statistically significant, was observed for hens fed diet added 50 mg Propolis. With respect to egg mass, it could be noticed that the laying hens fed diet containing 100 and 150 mg Propolis significantly produced heaviest egg mass compared to control-group. The hens fed diet added 50 mg Propolis were intermediate. The increase feed intake and egg mass in propolis groups, resulting in significantly improve feed conversion ratio compared to control-group. Eggshell quality was significantly affected by Propolis supplementation, whereas the percentage and thickness of eggshell were significantly increased in the eggs produced from hens fed diet containing medium or high level of Propolis. In accordance to hematological parameters, the medium or high level of dietary Propolis significantly increased hematocrit level, plasma total protein and globulin. Conversely, the plasma cholesterol and liver enzymes were significantly reduced when laying hens fed diet containing 100 or 150 mg Propolis. In vivo cell-mediated immune response as measured by PHA-P stimulation (wattle) revealed that the laying hens fed diet added 50, 100 and 150 mg Propolis/kg had significantly hyper responder compared to control-fed group. Concerning white blood cells differentiation, the present results speculated that the 100 and 150 mg Propolis supplementation significantly decreased heterophils count and increased lymphocytes count when compared with the control-group. In conclusion, it can be concluded from the above study that supplementation of Propolis at 100 or 150 mg is beneficial for improving the performance and immunity and for exploiting the full genetic potential of the commercial laying hens.
Introduction
Commercial laying hens are economic agriculture field production units in which the objective is to maximize field performance. Propolis, or "bee glue," is a wellknown substance that beekeepers find in their hives. There are many factors affecting propolis composition such a s collecting location, time and plant source (Greenaway et al., 1991; Markham et al., 1996) . Propolis according to research has shown to be effective against a variety of bacteria (Velikova et al., 2000) , viruses (Amoros et al., 1994) , fungi (Murad et al., 2002) and molds (Miyataka et al., 1997) . It has been shown to be a non-specific immunostimulant (Dimov et al., 1991) . Literature survey revealed that flavonoids, aromatic acids, diterpenic acids and phenolic compounds appear to be the principal components responsible for the biological activities of Propolis samples. Flavonoids are found in most fruits and vegetables, especially citrus fruits, onions, apples, kale, broccoli, grapes, red wine and tea. They act as antioxidants, prevent blood clotting and protect veins, lowering levels of harmful estrogen (Middleton and Kandaswami, 1993; Hanasaki et al., 1994; Duarte et al., 1993) . The effect of Egyptian Propolis on chicken body weight and lymphoid organs, Hegazi et al. (1996) revealed an increase in body weight after one week post injection and increase thymus weight after 14 days post injection up to the end of the experiment. While spleen weight slightly affected, but bursa and caecal tonsils weights were increased at the last two weeks of the experiment. The highest phagocytic activity was at 14 days post injection with Propolis (65% vs. 59%). Also, there was increase in the stimulation index of the peripheral lymphocytes as detected by lymphocyte transformation in case of Propolis group. Hegazi et al. (1995) studied the effect of some bee products o n immune response of chicken infected with virulent NDV. They found that, the mortality rate was reduced in-groups infected with virulent NDV and subsequently treated either with Propolis or honey if compared with the infected groups only. It was clear that, Propolis acts actively as antiviral agent than honey. The treatment with Propolis and honey of NDV infected chicken groups induced increase in the antibody titres and phagocytic percentage. Glinnik and Gapanovich (1981) showed that, in chickens, Propolis was effective against S . aureus and S. epidermidis in vitro. When Hubbard Golden comb hens were given a meal mixture containing 10, 20 and 30 mg Propolis/kg diet, Bonomi et al. (1976) reported that 30 mg Propolis in diet significantly increased egg production, egg weight, feed utilization and weight gain by 6.07, 1.27, 5.46 and 6% Available phosphorus (%) 0.40
respectively, compared with control-group. In Ross broiler chicks, Shalmany and Shivazad (2006) indicated that average weight gain, feed consumption and feed efficiency were significantly higher for Propolis fed birds and inclusion of propolis also reduced mortality rate in comparison to control diet. Therefore, the present experiment was conducted to evaluate the efficacy of supplemental Propolis on productive performance and immune response of laying hens.
Materials and Methods
This experiment was carried out at poultry breeding farm, Poultry Production Department, Faculty o f Agriculture, Ain Shams University. One hundred and twenty 46-wk-old, Hy-line White strain were randomly assigned to four groups of 30 hens each. The hens were individually housed in individually cages, on a 16-hour light schedule. Chickens in all groups were reared under the same environmental, managerial and hygienic conditions. Feed and water were supplied ad libitum. The hens received a typical layer diet containing 2800 ME kcal/kg and 18% CP to meet or slightly exceed the nutrient requirement recommended by NRC (1994 H = thick albumen height, W = egg weight. Yolk diameter along the chalazae line was determined with the caliper (mm). The eggshell, after the removal of the egg content, was dried. Subsequently the eggshell was weighed to the nearest 0.01g. Eggshell thickness without inner membranes was measured (mm) with the micrometer. The albumen weight was calculated from the difference between the entire egg weight and the yolk and eggshell weight. The contents of yolk, albumen and the eggshell were expressed as percentages from the weight of a fresh egg. The breaking strength was measured according to Fathi and El-Sahar (1996) which assessed the resistance of the egg to crushing.
Blood constituents: At 54 weeks of age, blood samples were taken from the brachial vein into heparinized tubes for all birds. A portion of the fresh blood was used for hematocrit determination using capillary tubes and a microhematocrit centrifuge. The hematocrit Figures were measured after spinning microhematocrit for 12 min. Plasma was obtained from the blood samples b y centrifugation for 10 min. at 4000 rpm and was stored at -20 C until the time of analysis. The frozen plasma was o allowed to thaw at room temperature prior to analysis. Plasma calcium, phosphorus, total protein, albumin, cholesterol, GOT and GPT were determined by enzymatic colorimetric methods using available commercial kits. The plasma globulin was calculated as the difference between plasma total protein and albumin.
In vivo cell -mediated immunity: A phytohemagglutinin-P (PHA-P) injection assay (Cheng and Lamont, 1988) was used to evaluate in vivo T-cell-mediated immune response of Hy-Line laying hens. Birds were injected intradermally in the wattle with 0.5 mg of PHA-P (Sigma Chemical Co., St. Louis, Missouri) in 0.1 ml o f phosphate buffered saline (PBS) after marking the injection site. The thickness of wattle was measured (to nearest 0.01mm]) at 0, 24, 48 and 72hrs after PHA-P injection. Wattle swelling was calculated as the difference between the thickness of the wattle prior to and after injection of PHA-P.
Heterophils / lymphocytes ratio:
At 54 week of age, blood samples were obtained from each treatment for heterophil (H) and lymphocyte (L) enumeration based on the procedures of Gross and Siegel (1983) . Briefly, one drop of blood being smeared on each of glass slides. The s mears were stained using Wright's stain. Two hundred leukocytes, including granular (heterophils) and nongranular (lymphocytes) ones, were counted o n different microscopic fields representing 200 cells and the heterophil to lymphocyte ratio was calculated.
Statistical analysis: Data were subjected to a one-way analysis of variance with treatment group effect using the General Linear Model (GLM) procedure of SAS User's Guide, 2001. When significant differences among means were found, means were separated using Duncan's multiple range tests.
Results and Discussion
Productive parameters: Body weight, egg production parameters, feed consumption and feed conversion ratio of laying hens fed different levels of Propolis are summarized in Table 2 . The present results revealed that there was no significant difference among treated groups for body weight. However, supplemental Propolis at 100 and 150 mg significantly increased number and weight of eggs compared to control-group. These reflected on egg mass, whereas the hens fed diet containing 100 or 150 mg Propolis produced significantly heaviest egg mass by 437.5 and 525.7 g, respectively compared to control-group. Hubbard Golden Means within the same row with different letters are significantly differ a,b,c comb hens aged 5.5 months were given a meal mixture supplementation, whereas the eggs produced from without and with Propolis (10, 20 and 30 mg/kg diet), laying hens fed diet containing Propolis at all levels Bonomi et al. (1976) reported that supplemental 30 mg recorded the highest Haugh units compared to controlPropolis in diet significantly increased egg production, group. With respect to eggshell quality, it could b e egg weight, feed utilization and weight gain by 6.07, 1.27, observed that both 100 and 150 mg supplemental 5.46 and 6.0% respectively, compared with control Propolis significantly increased the eggshell percentage group. With respect to feed consumption and feed compared to control-group. Similar trend was noticed for conversion ration, the present results indicated that the eggshell thickness, whereas the eggs produced from laying hens fed diet containing 100 and 150 m g hens fed diet added 100 or 150 mg Propolis recorded Propolis/kg diet were significantly consumed more feed highest shell thickness compared to other group. I n than control-group. Similar trend, but not statistically accordance to breaking strength, the present results significant, was observed for hens fed diet added 50 mg showed that the breaking strength of eggs produced Propolis. Moreover, the increase feed intake and egg from hens fed diet containing 100 or 150 mg Propolis mass in Propolis groups, resulting in significantly significantly highest than those of other groups. It could improve feed conversion ratio compared to controlbe concluded that the supplemental Propolis at 100 or group. Shalmany and Shivazad (2006) reported that 150 mg improved the eggshell quality. chicks fed Propolis containing diets consumed significantly higher feed. Bonomi et al. (1976) found an Hematological parameters: Effect of supplemental increase in feed intake when laying hens were fed Propolis on some blood parameters of laying hens are Propolis versus control groups. Also, they concluded that summarized in Table 4 . The higher hematocrit level may increase in feed intake in the Propolis groups may be have enhanced oxygen delivery to the tissue (Zongo and due to improved birds health and higher palatability of Petitjean, 1990) . Also, this increase is supposed to be Propolis diets due to mixture of resin, wax, honey and caused by increased blood volume as a reaction to vanillin content of Propolis. Ghisalberti (1979) report increasing body oxygen requirement. The present result additional weight gains for broiler chickens of up to 20% revealed that there was no significant difference when 500 ppm of propolis was added to their diets. They between control and 50 mg propolis diet for hematocrit said that this improved effect is partially due to its high level. Inversely, the hematocrit level of hens fed diet content of flavonoids and increase feed intake o f containing 100 or 150 mg propolis was significantly Propolis diets than the control. Experimental work of higher than that of control-group. Also, it could be noticed Buhatel et al. (1983) showed that Propolis that supplemental Propolis increased plasma calcium supplementation to the ration of pullets improved feed and phosphorus compared to control-group, but the conversion. This effect is due to high content o f difference did not statistically significant. With respect to flavonoids and healthy conditions of birds fed Propolis. plasma total protein, it could be speculated that the
Internal and eggshell quality: Internal and eggshell increased plasma total protein compared to control quality as affected by Propolis supplementation i s group. Similar reports were drawn by Giurgea et al. presented in Table 3 . The egg weight was significantly (1981) . They indicated that daily administration o f affected by supplemental Propolis at 100 and 150 mg propolis extract to chickens changed the blood compared to control-group. Similar trend, but not concentration of cholesterol, total proteins and amino statistically significant, was observed for 50 mg Propolis.
acid. Also, Propolis stimulated mammalian tissue There was no significant difference among treated regeneration, as it caused strong activation of mitosis of groups for both albumen and yolk percentages. The cells cultured in vitro and it enhanced protein Haugh units were significantly affected by Propolis biosynthesis (Scheller et al., 1977 and Gabrys et al., supplemental propolis at 100 or 150 mg significantly 1986). Similar trend was not observed for albumin, types of infections with S. aureus and E. coli caused an whereas there was no significant difference among increase in the activity in serum AST and ALT and treated groups for plasma albumen. Concerning plasma consequently decrease their activity in the liver. On the globulin, our result revealed that the plasma globulin other hand, the activity of ALT and AST returned to the was significantly increased when the propolis added to control level after administration of propolis in rats the diet at 100 or 150 mg. The globulins are composed infected with S. aureus and E. coli. of three fractions, designated alpha, beta and gamma. Alpha-globulins are a group of proteins manufactured almost entirely by the liver. Normally, these proteins increase with acute nephritis, severe active hepatitis, active, usually systemic inflammation, malnutrition and in nephritic syndromes (Margaret, 2001) . The gammaglobulin fraction contains most of the immuno-proteins, including IgM, IgA, IgE and IgG. These usually elevate with ongoing antigenic stimulation, usually from infectious agents (Margaret, 2001 ). There was no significant difference between 0 and 50 mg Propolis for plasma cholesterol. Inversely, the supplemental propolis at 100 and 150 mg significantly reduced plasma cholesterol compared to control-group. With respect to liver function, it could be noticed that supplemental Propolis at 100 and 150 mg significantly reduced GOT and GPT concentration compared t o control-group. Hegazi et al. (1997) showed that, administration of Egyptian and Bulgarian propolis induces an antibacterial activity in vivo as well as in vitro. The ethanolic extract of propolis has a weak general effect on estimated parameters in normal rats and it is not a toxic substance. Both types of propolis exerted an anabolic effect for protein synthesis by liver cells. Both
Immunocompetence parameters
In vivo cell -mediated immunity: The PHA intradermally reaction, a T-lymphocyte-dependent response, has been well researched and has been shown to be a reliable indicator of in viva cellular immunity in poultry (Goto et al., 1978; McCorkle et al., 1980) . The skin response reflects a complex series of physiological events such as mitogen-receptor and lymphocyte-macrophage interactions, release of chemical mediators, cellular proliferation and changes in vascularity (Chandra and Newberne, 1977) . Histologically, PHA is strongly mitogenic to T-lymphocytesa and intradermali injections elicit macrophage infiltration and dense perivascular accumulations of lymphocytes 24h post-injection i n chickens (Goto et al., 1978; McCorkle et al., 1980) . The increased infiltration by basophils and eosinophils 24h post-injection has been described as a cutaneous basophil hypersensitivity response (Stadeckerm et al., 1977) . In vivo cell-mediated immune response a s measured by PHA stimulation (wattle) is presented in Fig. 1 and Table 5 . It could be noticed that the hens fed diet added 50, 100 and 150 mg Propolis/kg diet had significantly hyper responder to PHA-P injection compared to control-fed group. Propolis according to research has shown to be effective against a variety of bacteria, viruses, fungi and molds. It has been shown to be a non-specific immunostimulant. The delayed hypersensitivity skin test using propolis as sensitizing antigen showed specific stimulation to propolis after 72 hours after inoculation with specific antigen. Egyptian propolis gave the typical delayed hypersensitivity when inoculated to the sensitized chickens. The thickness index was 0.90 mm thickness if compared with nonsensitized control group 0.12 mm thickness (Hegazi et al., 1996) . Hegazi et al. (1995) studied the effect of some bee products on immune response of chicken infected with virulent NDV. They found that, the mortality rate was reduced in-groups infected with virulent NDV and subsequently treated either with propolis or honey if compared with the infected groups only. It was clear that, propolis acts actively as antiviral agent than honey. The treatment with propolis and honey of NDV infected chicken groups induced increase in the antibody titres and phagocytic percentage. The inoculation of different antigens in the footpad of sensitized and non-sensitized chickens induced different degrees of footpad thickness as well as cellular and vascular reaction depending on the type of inoculation with NDV antigen.
White blood cells differentiation: White blood cells differential count for laying hens fed different levels of propolis are presented in Fig. 2 . It could be noticed that there was no significant difference between control and low level of propolis supplementation for both heterophils and lymphocytes count. Conversely, the medium and high level of propolis supplementation significantly decreased the heterophils count and increased the lymphocytes count when compared with the control-group. In birds, the heterophil are phagocytic cells whose main is protection against invading microorganisms, whereas primary functions of lymphoinvolve cell-mediated and humoral immunity. Heterophils increase and lymphocytes decrease when are stressed, so that the ratio between them is a index of response to a stressor (Gross and Siegel, 1985) . In accordance to H/L ratio, our results showed that the propolis supplementation at 100 and 150 g/kg diet significantly decreased the H/L ratio of laying hens. The H/L ratio is a recognized measure of stress in birds (Davison et al., 1983; Gross and Siegel, 1983; Maxwell, 1993 ) that has become a valuable tool in stress research especially when combined with the convenience and repeatability of automated blood cell counts.
In conclusion, it can be concluded from the above study that supplementation of Propolis at 100 or 150 mg is beneficial for improving the performance and immunity and for exploiting the full genetic potential of the commercial laying hens.
